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As an alternative measure of sleep quality in the ICU, questionnaires such as the Verran-Snyder-Halpern Sleep Scale (SnyderHalpern & Verran, 1987) , Pittsburgh Sleep Quality Index (Zhang et al., 2013) , Sleep in Intensive Care Questionnaire (Freedman, Kotzer, & Schwab, 1999) and the Richards-Campbell Sleep Questionnaire (RCSQ) (Richards et al., 2000) provide an indication of sleep. The advantages of measuring sleep quality using these questionnaires, bed-side nurses and researchers could know patient's perception of night-time sleep in a timely manner. However, these questionnaires with the exception of the RCSQ have some disadvantages: They have from 15-27 items. Furthermore, these instruments measure the quality of night-time sleep before hospitalization. Therefore, it is not easy for critically ill patients to answer the items.
In particular, a simple, five-item questionnaire, the RCSQ has been used in the United States and many countries. The RCSQ has been used as a surrogate indicator of sleep determined by PSG in the critically ill, but there is no established Japanese version of The RCSQ. This study aimed to determine the reliability and validity of the Japanese version of The RCSQ as a measure of sleep among ICU patients in a Japanese hospital.
| BACKG ROU N D
The RCSQ shows a good correlation with PSG (Richards et al., 2000) . The RCSQ has been translated into other languages including Spanish (Nicolas et al., 2008) , Swedish (Frisk & Nordstrom, 2003) and German (Krotsetis, Richards, Behncke, & Kopke, 2017) . Although the latter three versions have been verified for reliability, validity has not been fully evaluated. Evaluating sleep using the RCSQ is the most clinically relevant as the research in the lack for versatility of sleep evaluation using PSG. Therefore, the RCSQ is the most commonly used questionnaires in sleep research at ICU.
Although this questionnaire has previously been translated into Japanese (Tsuruta, Yamamoto, & Fujita, 2017) , the reliability and validity or this Japanese translation have not been confirmed using standard guidelines on the translation process (Wild et al., 2005) . Accurate measurement of sleep quality in critically ill patients using a validated Japanese version of the questionnaire will draw attention to developing a better understanding of sleep deprivation in the critical care environment. The Japanese version of the RCSQ (J-RCSQ) also provides an instrument to evaluate interventions to improve sleep in the critically ill.
Our aim was to translate the English version of the RCSQ into Japanese using the back-translation method and verify its reliability and validity in reference to a simplified measure of PSG. We hypothesized that the J-RCSQ would be a reliable and valid measure of sleep quality in critically ill patients in Japan.
| ME THODS

| Design
This study was cross-sectional survey.
| Setting
This study investigated the night-time sleep of patients admitted to the general ICU in a university hospital between 22 August 2014-26 February 2015. The hospital had 1,075 beds in total, 20 beds in the semi-closed ICU and 1:2 nurse-to-patient ratio.
| Participants
Any patient aged 18 years or older who planned to stay one full night (9 p.m.-7 a.m.) in the ICU was eligible for inclusion. The exclusion criteria were as follows: positive delirium screening (using the Japanese version of the Intensive Care Delirium Screening Checklist:
ICDSC ≧ 4) during the preceding night shift (Bergeron, Dubois, Dumont, Dial, & Skrobik, 2001; Koga, Murata, & Yamase, 2014) , unstable hemodynamic and respiratory status requiring deep sedation, use of sleep medications during the investigation, mechanical ventilation, sepsis, shock, hepatic encephalopathy and renal failure.
Sample size calculations indicated that 29 patients were required to ensure 80% power, 5% significance and 0.50 effect size (the expected correlation coefficient) (Richards et al., 2000) . The dropout rate of people in studies using PSG (including declined and wished to discontinue PSG) has been approximately 30% (Elliott, McKinley, Cistulli, & Fien, 2013; Richards et al., 2000) . We anticipated a dropout rate of 30%-35% for this study. Therefore, we recruited 45 Each item is scored by using a 100-mm visual analogue scale (0 mm: worst sleep, 100 mm: best sleep). Principal component analysis has confirmed that the RCSQ has a one-dimensional structure (Richards et al., 2000) . In other words, the total score on the RCSQ has been confirmed to represent the perception of sleep quality.
The validity and reliability of the RCSQ were confirmed by Richards et al. (2000) , wherein 70 non-ventilated ICU patients were included, and PSG was the evaluation criterion for sleep status. A Grass 16 Channel Electroencephalogram (EEG) Machine with 21 lead connections was used to objectively measure sleep. EEG, nasal and oral airflow, chest and abdominal excursion, electrocardiogram and anterior tibialis electromyogram (EMG) were measured. In the study, validity was determined by evaluating the association between sleep efficiency (SE) and total RCSQ score. The correlation coefficient between SE (measured using PSG) and the total RCSQ score was 0.58 (p < 0.001) (Richards et al., 2000) . Further, for the English, Spanish, Swedish and German versions of the RCSQ, the Cronbach's coefficient alpha was 0.90 (Richards et al., 2000) , 0.89 (Nicolas et al., 2008) , 0.92 (Frisk & Nordstrom, 2003) and 0.88 (Krotsetis et al., 2017) respectively, thus, verifying the reliability of the questionnaire. Since no large difference in reliability was detected between the original and the three translated versions of the RCSQ, the questionnaire is considered to have high reliability.
| Developing the J-RCSQ
After obtaining licensing from the author of the RCSQ, Dr. Kathy C.
Richards, the J-RCSQ was created according to the following procedure (Supporting Information Figures S1 and S2 ). We translated the RCSQ into Japanese with reference to the guidelines for the translation and adaptation of psychometric scales (Wild et al., 2005) The primary investigator ensured the literal and conceptual equivalence of the translation; and (f) cognitive debriefing, review of cognitive debriefing results and finalization: Five consenting Japanese patients not participating in the study tested the J-RCSQ and two authors reworded the phrases to improve comprehension.
| Data Collection
| Data collected by PSG
We used a PSG (Alice PDx®; Philips Respironics) to accurately measure sleep stages. Three electrophysiological indicators for sleep measurements-EEG, electro-oculogram (EOG) and submental EMG-were used (Berry et al., 2017; Murata & Yamaguchi, 2018) .
The EEG electrodes were attached by the primary investigator who acquired the correct application method provided by a laboratory technician at the Philips's sleep centre. This technician was highly knowledgeable about the standard method of electrode application indicated by the international EEG society (10-20 electrode system). Nine post meridiem was defined as the time "to darken the environment in the ICU" (=light out), and "waking up" was defined as "when the people naturally woke up in the morning" or "to begin nursing care at 7 a.m." (Murata & Yamaguchi, 2018) . Time in bed (TIB) was defined as the time between the lights out and waking up. 
| Data collection with the J-RCSQ
Immediately after the completion of data collection with the equipment, the two investigators involved in the creation of the J-RCSQ evaluated the people' sleep quality using the J-RCSQ. People with impaired handwriting dictated their answers to the evaluator.
| Data collection from medical records
Data collected from medical records included age, gender, admission diagnosis, length of stay in the ICU and acute physiology and chronic health evaluation II score (APACHE-II). In hospital that collected the data, APACHE-II was used as an indicator of severity. Therefore, we decided to use APACHE-II.
| Statistical analysis
The total score of the J-RCSQ was compared with the SE derived from the PSG data to determine the validity. To identify the correlation between the five items of the J-RCSQ and the relevant sleep parameters (Richards et al., 2000) in the PSG, Pearson's correlation coefficient was used. The internal consistency (reliability) of the J-RCSQ was tested using Cronbach's alpha coefficient.
Demographic data were presented as mean (SD) or the number and its proportion. Translation of the questionnaire into Japanese may alter the association of each item in the PSG with the one in the RCSQ. Therefore, we evaluated the correlation of all five items as in the study of the original version (Richards et al., 2000) .
All statistical processing was performed with SPSS version 23 for
Windows (IBM).
| Research Ethics Committee approval
Approval was received from the institutional review board of The Jikei University in Japan to collect data at the affiliated hospital (reference number: 26-024(7529)). Informed consent was obtained from all participants prior to their inclusion in the study.
| RE SULTS
Of the 45 eligible participants, five declined participation and seven were excluded because their electrodes came off during the study. The participants consisted of 23 men and 10 women aged 69.1 (SD: 8.8) years. The average score for the APACHE-II was 12.4 (SD: 4.3; Table 1 ). Cronbach's alpha coefficient for the J-RCSQ was 0.911.
No participant met the criteria for delirium (at least four points) in a night-time delirium assessment using the Japanese version of the ICDSC (Koga et al., 2014) . However, four people were considered to have subsyndromal delirium (subsyndromal delirium: ICDSC = 3 points). Table 2 shows the means of the visual analogue five items of the J-RCSQ and that of the corresponding parameters derived using PSG for all the 33 participants (Table 2A ) and 29 participants with ICDSC < 3 points (Table 2B) . Correlations between the five J-RCSQ items and the PSG sleep characteristics are also presented in Table 2A ,B.
The group excluding four patients with subsyndromal delirium had a higher correlation coefficient than the group including them (Table 2) 
| D ISCUSS I ON
The reliability of the J-RCSQ measured using Cronbach's alpha coefficient was 0.911 and 0.90 for the original English version (Richards et al., 2000) . The validity of J-RCSQ was confirmed by the moderate correlation between SE as measured by the sim- (Frisk & Nordstrom, 2003; Krotsetis et al., 2017; Nicolas et al., 2008) , while their validities have not been evaluated with reference to PSG. In the current study, in addition to the reliability, the validity of the Japanese version was evaluated using simplified PSG.
Compared with previous research, sleep latency (Q2), one of the PSG sleep characteristics, was more highly correlated with the J-RCSQ than the original English version (r = −0.17) (Richards et al., 2000) . This difference could be due to the environment and participants. Although both studies were performed in an ICU, the study by Richards et al was performed in a medical ICU including male veterans with no information on patient severity scores, while the current study included both male and female participants, most of whom were surgical with relatively low APACHE-II scores. In the current study, however, the correlation between the APACHE-II score and the RCSQ was not evaluated since the sample size did not allow for a valid multivariate analysis.
Further, there was no correlation between the J-RCSQ scores (Q1 and Q5) and the amount of restorative sleep in PSG including REM sleep and stage N3. These results may be due to a marked decrease in REM and N3 sleep of ICU patients (Freedman, Gazendam, Levan, Pack, & Schwab, 2001 ). The average per cent of REM was 2.6% or 2.4% and that of N3 sleep was 0.082% or 0.072% of the TST, respectively (Table 2 ).
In addition, the correlation coefficient was higher in the group that excluded the four people with subsyndromal delirium compared with all the participants. This could be because the four people with subsyndromal delirium might have responded to the questions without fully understanding them, since their nighttime lucidity was low. In other words, subjective evaluation of sleep quality by these subclinical delirious patients may not have been reliable, which could be a potential confounding factor when evaluating the relationship between sleep disturbance and delirium.
In fact, a recent study evaluating sleep quality with questionnaires failed to show an association between sleep disturbance and delirium (Kamdar et al., 2015) .
| Limitations
Several limitations need to be addressed for the current study.
First, variability existed in patient backgrounds, previously prescribed medications and ongoing disorders in a small patient group. Although efforts were made to exclude patients with these potential confounding factors, the results of the current study might underestimate or overestimate the correlation between the RCSQ and PSG results. Second in the present study, as shown in APACHE-II scores, people were less severely affected than common ICU patients (e.g., intubated patients were excluded).
Therefore, generalizability of the results to critically ill patients (e.g., patients with multiorgan system failure) was limited. To verify the validity of the J-RCSQ in a wide range of patients is a challenge for future research.
| CON CLUS IONS
As a sleep assessment tool in lucid patients in the ICU, the reliability and validity of the J-RCSQ are similar to the original RCSQ.
Consequently, the J-RCSQ can be used as an alternative to PSG when assessing sleep quality in non-ventilated postoperative ICU patients.
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